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PREFACE

Atmospheric models are frequently generated for specific regions of the
atmosphere in accordance with a particular set of observations. For example,
for the region 20 to 90 km or for the region 120 to 100 km altitude. These
models are not necessarily extended to sea level, neither are they designed
to be continuous with some other existing model at either end of the included
rantze. In some instances it becomes desirable to exactly connect two auch
models with a transition model atmosphere which for the examples cited would
extend between 90 and 120 km. This report discusses a method suitable for
generating such transition models.
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ABSTRACT

Any set of teraperature,pressure and density values which are realistic
for one altitude can be exactly connected to another set of temperature.
pressure and density values at a second altitude, with a model atmosphere
defined by the appropriate linearly segmented two-layer temperature-altitude
profile provided one of these layers is isothermal and the second is a nonzero
constant gradient of temperature with respect to height.

The altitude comprising the intersection of the two segments of the
required temperature-altitude profile is determined mathematically. The method
for generating two-layer models is applied to the generation of three-layer
and four-layer models.
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SECTION I

REVIEW AND EXTENSION OF THE METHOD FOR
DEVELOPING TWO-LAYER TRANSITION MODELS

I. DEFINITION OF THE GENERAL TWO-LAYER TRANSITION MODELS AND THE
SPECIFICATION OF THE PARTICULAR CLASS TO BE EXAMINED

Ninzner (1966, pp. 5 and 6) has shown that, under a particular though not
highly restrictive set of conditions, a two-layer transition model can be made
to fit exactly between two sets of fixed boundary conditions. The first con-
sists of a set of realistic values Ho, p. and To, where H. is the geopotential
corresponding to one arbitrary geometric altitude, Po is a corresponding rea-
listic value of density, and TO is a realistic value of the temperature pa-a-
meter at H0 . The second consists of a set of realistic values Hn, Pn and Tn,
where 11n is the geopotential corresponding to another arbitrary geometric
altitude, Pn is a corresponding realistic value of density, and Tn is a cor-
responding realistic value of the temperature parameter. The subscript im-
mediately to the right of the symbols H, 0, or T is associated with the par-
ticular geopotential level to which these three quantities are related. In
this discussion of transition models, the words altitude or height will be
intended to imply the equivalent geopotential without such a statement neces-
sarily being made.

The restrictive conditions defining the particular class of two-layer
models to be considered are as follows:

(L) One of the two layers is characterized by a non-zero constant
gradient of the temperature parameter relative to the geopotential such that
this non-zero-gradient layer extends from H. toward Hn for an unspecified
altitude interval to the level Hxo.

(2) The second layer extending from HXo to Hn' is characterized
by a constant zero gradient of the temperature parameter relative to the geo-

potential. The symbol Hxo designates the altitude of the interface between
the isothermal layer and the non-isothermal layer extending up to Ho.

The equations and computational procedures for generating the class of

transition models as discussed in this report are developed on the basis of
two further assumptions: (1) Geopotential Hn represents a lower altitude
level than that represented by H. such that the isothermal layer is the lower

of the two layers of the transition model, and (2) the value of the tempera-
ture decreases with decreasing altitude from H. to the isothermal layer. This
class of model applies to situations similar to that portion of the 11, S.
Standard Atmosphere 1962 between altitudes of 117 to 79 ! ilometers.

The temperature parameter employed in the transition-model development is
the molecular scale temperature which combines two variables, the kinetic
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temperature arid thi mean molecular weight of the at 2 tosphere, into a single
variable in accordance with the following definttion:

TFhe' molecular scale temperature, at any level It, is equal to the
ratio of the kinetic temperature to the mean molecular weight, at that same
level, times Hs the sea-level value of the molecular weight.

For s•implicitv, the noLatien con•mnlv used for molecular scale tempera-
ture will 'e avoided in favor of T in this discussion of transition models,
and the word temperature will intply molecular scale tempcrvture.

2. DENSITY A'UND TEPERAWRE RELATIONSHIPS FOR THE SPECIFIED TYPE OF
T14O-IAYER MODEL

In the type of model hypothesized, where an isothermal layer at tempera-
ture Tn extends upward from Hn to Hxo and a layer with a constant non-zero
temperature-altitude gradient extends upward from IHxo to 110, the density O.
at Hx may he expressed in terms of on and Tn by tLhe following equations:

xo n) QP xo = 0 n .1 Tn

where
CM R 0.03416319470 K/m' (2)

and

; is the geopotential transformation coefficient equal to
9,80665 m2 sec- 2 (m')-l

M is the sea-level value of the molecular weight of air,
s 28.9b44 kilograms per kilomole (kg/kmol)

R is the universal gas constant 8.31432 x 103 joules (oK)'l
(kmo 1) -1

In such a model the density j. at :Ix may also he expressed relative to
Tn and the upper-level boundary condition values, 0o, To, and H., which through
ltx imply the value of the non-zero gradient of T between lix and IIo. Thus,

(tH - H x) Q"

ST -T J

0xo =0 o (3)
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The value of Hxo is found by tLe simultaneous solution of Equations (1)

and (3) as expressed by;

-01 " -ilo~H ) Q}+ (H 0 T'n

- (Ho- 11r. Q T

Sexp -- O
n T O T (4)

The temperature-altitude gradi.ýnt between Rxo and H. specified by l.,o
is given by

T -T
L o n
xo H - (5)o xo

Here, the symbol for the gradient has two subscripts, the first designating
the unknown low-r end of the associated layer and the second designating the
known upper end of the associated altitude interval.

3. ANALYTICAL EXPRESSION FOR THE GENERATION OF THE TWO-LAYER MODELS

Because it was not at first suspected that an analytical solution for
Hxo in Equation (4) could be found, numerical methods involving digital com-
puters were used to determine the value of Hxo for a number of transition
atmospheres (0inzner, 1966, pp. 7 to 24). It may now be shown, however, that
an analytical solution for Hxo in Equation (4) does exist.

Dividing both sides of Equation (4) by pO and taking the natural logari-

thum of both sides of the resulting expression leads to

1+ o- xo QrT 01 (H n -H x) Q -[ °H"ji-n J .e J- - [In

1 0 n.n " n ,, (6)

The separation of the numerators of the two fractions containing Hx, so as to
permit the extraction of HXo, followed by a rearrangement of the terms leads
to the expression

Hi Q H Q -T1 H r HQ 0 T
" "X -0 n 0- in [ ,n ] + n Q+ • in

T T-T Tr g T-i IT
n oTn L n] 'J "ro-7n] (7)
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Factorin4 .. 1I.xo of the, t ott-hand ide (i f tl th( '(,hit itu .d divi did ng both
sides of that eciu-tion by tht, remainder of thilt' t It-halld sidl' yiV (IS

. J - [, +V
n] T -r . , rIf

T T0-T n j (8)

An evaluation of this expression using the boundary conditions of model
Ar (Minzner 1966, Table 2, p. 13) yielded Hxo 101.9646 km. This value agrees,
to within one. part in the sixth significant figure, with the value obtained by
the numLerical methods (Minzner, 1966, 'Fable 3, p. 14), and tht-rebv simultaneously
substantiatcs the validitv of the numerical method as well as of the analytical
solution of It.o tiven by Equation (8).

'rhle Suhbscript o to the right of x in fIXo is used to indicate that this
particular value of HX is calculated with the upper boundary conditions at
level Ito. If. as will be seen in the generation of a three-layer model, H.
is calculated from some other upper-level boundary condition, as at 11m, the
notation associated with x will he m as in Hlx.

The val~ue 1o from Equation (8), and the value Lxo from Equation (5),

along with the upper and lower set of boundary conditions completely define
the only two-layer transition model, of the type under consideration which
satisfies the boundary conditions. There are multilayer models (three or
more layers), however, which satisfy the same upper and lower set of boundary
conditions and the unique two-layer model serves as a basis for the generation
of these multilaver models. Computer Programs for the generation of two-layer
models art. given in Appendix A.
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SECTION II

GENERATION OF THREE-LAYER MODELS

The method for the generation of a two-layer model between upper and
lower boundary conditions can be extended to the generation of an infinite
number of three-layer models. The method consists essentially of arbitrarily
selecting an altitude interval for the uppermost layer, computing the conditions
at the base of that layer from the initial upper-boundary conditions, and using
these new values as the basis for the computation of the related two-layer
model. The detailed steps to be uscd are as follows:

(I) Compute the value of Hxo and Lxo for that two-layer model
which fits the initial boundary conditions.

(2) Select a suitable value H1 as the base of the uppermost or
first layer of the desired three-layer model. A suitable value meets the
condition Hxo < HI < Ho. An infinite number of possible values of H1 exist
between Hxo and Ho.

(3) Select a suitable value of L1 for the layer Ho to H1 . It may
be demonstrated that if the gradients of the several layers are to decrease
monitonically from Ho to Hn, the value of L, must meet the condition Lx< LI.

Furthermore, it will be seen that L1 must meet the condition
L1 < Lmax where Lmax is an upper limit associated withTlminat H1 as in Figure 1.
The determination as to whether L1 < Lmax is based upon the result of a test
following a later step in the proceedure. At this point, however, a trial
value of LI is chosen. An infinite number of possible values of L, meet the
necessary condition Lxo < LI < Lmax.

(4) Compute T, at the selected value H1 from the selected value L
using the relationship

T O - L1 (Ho-H1) (9)

(5) Compite the value of p1 , the density at Hl, using the rela-
tionship

(H° HI) Q
rT1+- To TI 10)
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The set et vallues III, Tl, and serve as a new upper-boundary condition which

with In, "rn' and PR provide the means for generating a two-layer model between
III and Rn, where tliese two layers are designated layers 2 and 3 of the three-
layer model. rhe interface between layers 2 and 3 is designated I1xI*

(b) Determine lix, using Equation (8) with suitable subscript modi-

fications. i..., subscript zero is changed to one. If Ll has been properly
selected in step 3, !lx. will be found to have a value such that IIn '_ Ilxl < HxoV
and this condition serves as the test for suitability of L1 .

C) Compute the gradient for the layer between IIxj and IIl by using

rquattion ý*, with the subscript zero increased to subscript 1.

1'w ondttions for the test of suitability of Lt based on the value of
1 1 Ivt '.,•, developed through the following argument:

it is apparent that if Ll is selected to be equal to Lxot, lit is not
really the, bast of a new layer, but is a level within the layer l1xo to H0.
Computations based on I1l, T1 , and .'i would then yield Hxl =, Itxo, Ind one would

have determined only a redundant case of the original two-layer model. As the
value of L., is allowed to increase from Lxo, for a fixed value of HI, the value

of i,. progressively decreases from Hxo until, in the limit for Ll - Lmax, the
value of becomes identically H in which case the isothermal layer has

vanished as indicated in Figure 1. For values of L1 > L , the computed

valueý of ,Ixl become less than H n, indicating an impossie situation.

It is also possible to select values of L1 such that Lmin < L1 < Lxo.

As L1 is dtcrvased from Lx,, the value of Hxl increases from I1xo until

for 4,in, H.xl = Hll. For this case, layer 2 has the impossible conditions of

zero thickness and an infinite temperature gradient. All values of Ll < Lxo
ar, impossible however, if the model is constrained to one having a moni-

tonically decreising set of values of L for successive layers. It follows

therefore, that the only suitable values of L1 are those which lead to values

of Hx1 such that % -: txl < Hxo. An infinite number of such values exist.

if values of Ll are constrained to be integral multiples of some

fixed vahies 1.1, and if they are constrained to be within the range Lxo to
v the smallest suitable values of L1 may be expressed as
,-max' I

Lla = Al 1 (I1)

WhrV1*V s.1ti.*ies the inequality

I. L
o. <1+ (12)

'J l - 6



To

TWO-LAYER MODEL /7/

ACCEPTABLE THREE-LAYER MODEL

LINITING CASE OF / z
W THREE-LAYER MODEL z T.

//

Tn . .

Hn HI Hxo H I Ho

GEOPOTENTIAL

Figure I. Schematic temperature-altitude diagram for a two-layer
model atmosphere, for an acceptable related three-layer
model, and for a limiting case of the three-layer models.
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ihe serics of acceptable values of 1.1 and the relaltd series of
values or I. nre then

L = (1 1 + I - 1) ,AL I H xa (13a)

Llb I + 2 , x1b (13b)

1c ( - 1) AL Ilxic (l3c)

etc., until a value Llb is reached for which HxlE is less than Hn. This sit-
uation is shown schematically in Figure 2.
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OWCAIS32-30

0

TWO- LAYER MODEL

-: POSSISLE THREE-LAYER MODELS
IMPOSSIBLE THREE-LAYER MODEL To

0-.

STa-

Idn

H H H H H H H
X18  n Ald xib X0 1 0

GEOPOTENTIAL

Figure 2. A schematic temperature-altitude diagram showing four possible
three-layer models and one impossible three-layer model.
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SECTION III

GENERATION OF MULTILAYER MODELS

The above procedure may be extended to the generation of four-layer

models and on to the generation of n-layer models. The procedure consists of

generating a three-layer model as indicated above, and then taking the lower

two layers of this model, follow the procedure of steps 2 through 7 of Section

I1, but with subscript I replaced by subscript 2, and subscript o replaced by
subscript I. In a similar manner, the procedure may be extended to a model of

any "umber of layers.

The attitudes specifying the boundaries of the four layers of each of a

set Of several possible four-layer models for a specified set of boundary
conditions are given in Table 1.

Preceding Page Blank 11
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TABLE 1

rWFINITIONS OF POSJRLF FO(IR-LAYFP MOr)FL.-
Cfn-thISTFkJT AAITH THF I301)NIDARY CONDITION'W

VQL4'-ý .24(,,l^F-n7 Kt'/Ml. Trz 1482*244 DFG K AT Hr= 117776.0) M
l .nrnr-n4 l•/M4, TN= 190.650 r)Fr K AT HN= 790000 4

AM?" wITH THr AT--KrF-j ') VAIIf"e tiF H AM- rLt
HI = llnf'%fon OL = *lnnOOOF-n2
H2 = DI-0.' = *1"OflflOnF-n2

P ATPIM| -u HFIVHT FOR '9Ae OF LAYFR 1 P; HXO= 100503.0 M.

• oTA'I1kMf rý-Q• TFAIT F Z t_AVF1P I I' P; LXr, .110971r-,l DFr1 /M.

c'rT-_l ,a,•n"tr c r'FF1P•lF nV I AvrR-1 rPAnIFN'T OF 12 rWO,/KtW'

°i•'';•t.R HFICHT FO)P R•hF OF LAYFR 2 Is, HXI= 99731.2 W.
-4?tJ*lI$., (.AnrFldT Fn? LAYFR ? 11; GLXI= °957n9RF-O2 DFG/M.

w r,'rl 1 eF <rT "1 nrFTVFn PY LAYcR-7 A^•! -1 (RArIFNTS, ln AND 12 DFC/Kk.

t r%.r H RHO T L
MF7TFPt KG/m3 DEG K DEG/M

r 117776.r v246100E-07 382.244

1 1l0oro0.o 722249F-07 288.932 .*2000CE-O1

2 1n,'rO),. , ]67158F-n6 ?3F.tQ32 IoO0000F-f l
' 091.r, fo It) 091496'-0A, 19n.65n * 86n Ig9F-Pý2

4 7 )")r, . 19R8OCF-04 1 rfl• ° nnnorF+nn

R'f•nrL 2 OF SVi 01 f)FFIVFD BY LAYFR-2 AND -1 GRADIFNTS, 11 AND 12 DEG/KM.

L'rVFL H RHO T L
MFTFRc, KG/M3 DFG K DEG/10

l 1 10").'• .722?49F-n7 7880912 •12OOOF-O1
n 1on5,0l.' *171R73F-06 213032 ° l1000F-n1

9R4'2.7 *60707?F-06 190.65P o661069F-n2

4 79000"r *198200E-4 19qO. 6 50 *nf¶OO(OE+"'O

I O"F SrT ^I lr-FTk'FD HY LAYFR-? Air) -1 rRAr)IFNTS. 12 AND 12 DFC/IKM

LFVFL H RHO T L
MFTFR z KG/v3 DFG K DEG!v

0 117776.0 .246100E-07 382.244
1 110100.0 *722249E-07 288.932 &120000E-01
7 Imrinn2° *176835F-fl6 ?228q32 .1 2nO0OE-I0

1 97775,1 *749666F-06 1"9.6511 .495SRIF-"2

4 79100.0 ,198200E-04 IQ,.650 *nOflO0OE+,fl

12
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APPENDIX A

Program I

The program for defining a two-layer transition model atmosphere by the
method of successive approximation and from the definition computing the
vnrious .r"operties as indicated in Tables 3 through 10 of the final report
or. Conttract No. NASW-1225 (Minzner, 1966).
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PRO(;A.'I I

l•r•1'¶F nFtrK FOR THF ,nMP]ITATION OF TWO-LAYFP TRANSITION MODEL
C ATMv(PHPNRFR PFTwFFN lPPFQ J.AYFR AND LOWFQ i-AYFR ROtiNDARY CONDITIONS
r WmvL Tc 'C"LNWIKC Nn_ • nTICN`ý .ArN TFmPtFRAT[QF-ALTITUoF

C r,,AflIFNT aPrVAI-
1, IT HAS A nIFFFQFNT CONSTANT VALUiE FOP FACH LAYFR,
7 9. IT HAS A PO.SITIVF VALUE FOR TH-E !JPPERMOS.rT LAYER,

r I* IT HAS A ZERO VALUF FOR THF LOWEST LAYER*

C THF MFTHO, INVOLVrS THE SIMULTANIOUS NUMFRICAL SOLUTION OF

TWfl OQUATIoNS USING TH-s MFTHOD OF tItWCE.SIv" APPROXIMATIONS
C l |.(fcISF0D AY %MINZNFR IN GCA TFCH RPT. NO•66-14-N

"J,;NP IFQ,. RFV•'r•F MARCH 1966
QrO'A 1'I *FiFG9HR*HO•D,4FHAHPAPHAF4ON*Tl T2

RFAD IN INITIAL CONDITIONS FOR MODEL

TI AND T? ARF THE TITLF FOR THE MODEL
r-.QArrfA1.F4.(ý,F1C.7,Fll.4,F9.o4.$q5,FIO.3, XA4,2AS)

Ircn 1 1 v-Os . IX
F=1•.7jR7ARql

X=HR+. I
PUINCH 11?

117 FnQMAT(3SHPROPFRTIFS rF TRANSITION ATMOSPHERE)

PUNCH 106sTIpTf,9r)FGFMON
106 FORMAT(?AS.2XIH(,A3.1H),2XA4,4Xl7HTO JACCHIA MODELS/)

C SOLVF THE TWO EQUATIONS SIMULTANEOUSLY USING

THF 44FTHOD OF SUCCISSIVF APPROXIMATIONS
7 AFTA=(HA--I/(HPA--HDR)

Y= (1 .+RFTA )*LOG•(HPA/HPR)+LOG I PHA)
xnlD=X
X - ( Y-LOG ( HR )) *HP4/II.(Gf(E )+HB

IF(cFNCF SWITCH 11 49,3
C SFNSE SWITCH I ON WILL LET THE OPERATOR
c WATCH THF DIRFCTON THE X VALUE IS
c GOING IN.

I PRINT 1019Y
lnl• FtlOmATfF14,8 )

t. yFiAR~fXOLO-Xl-FP•T11,1,?

I CONTINUIF
Y-FXP(Y)
PFTA= I /BEFTA
XDT -X ÷l,
PlINCH I0?,rnFGFM(NXY

107 FrOQMATfIA,1XA4,?SXHX =FIO.,,?X7HKM4X7HDFN X =F14o892X4HG/M3)

PtlN("I 113MHA*HPAHPR
11" F"RMATIQHGF0,EPOT SCALF HT AT Fge4olX4HKM =FQ.5,IlH, AT x KM =9

1FIO.?)

1IONCH 109PRFTA
100 FmQMATflSHGRADIFNT OF GEOP SCALE HT ABOVF X =E14.81

Pl1NCH I14,FL.HRR9IHA
!14 F•OQMAT(71HRjA•IFNT IF MOL, TEMN. ,F4.1,10H FOR BTWN FS,*0,4H TO tF4.O)

Of INC"H I I.')*HA

1,' FMAT C fHGRADIENT -,F MOL# TFMP. ZERO ='OR H RTWN,F4oO,6H AND X)
DItNCH 1f7

j('7 FfQlMATIf!IIHALTtTtIDF KMIOXISHTFMP DEG KELVIN4X6HMOL WT2X9
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1lHDFNSYTY G/M34XlIHSCALF HT KM)
PlUNCH 108

IAQ FnPMATIIX6HGEOMFT4X6HGFOPOT7X4HFMOL.3X7HKiNFPTIC28X6HGEOMFTIX*
PHnX=v

RPPA 1C)4,DFG.R.C1PHT
104 FOPMAT(Al*F9e09FP.*)

H=XPT
Z=R*H/(GPHIER/9e80665-H)

C Z IS THE GEOMETRIC ALTITUDE
RHOH=PHA.(HPA/(HPA+.FTA*(H-HA))]** (1.+RFTA)/BFTA)

C RHOH IS THE DENSITY
HH=(HPA+RFTA4(M-X))#Q.80665/GPHI4(fR+7)/R).*7

C HH IS THE SCALE HEIGHT
TM=34.I632*(HPF+BFTA*(H-XJ)
T=TM*(I.-2.37ARllE-03*(Z-90o))

C T IS THE TFMPFRATURF
HPH=HPS+RFTA*(H-XI
SM=28.Q644-.06881131(Z-90.)

C SM IS THF MOLFCULAP WEIGHT
TM=TM+,nO0
T=T+*005

HH=HH+,0005
HPH=HPH+.0005

C ROUND THE VALUES
PlINCH 105.Z*HTM.T•,MoRHOH.HHHPH

C PlINCH DATA CARD
10q FOPMATrFP83,?XF8.e,'XF?.?,3XF7.2,3XF6.2sXF12*5 2XF7T3,2XF7.3)

16HAFOPOT/)
C METHOD FOR FINDING NFXT EVEN KM.

XNFW=DRH(X)
XNFW=XNFW/2-
XNEW=DRH(XNEW)
XNFW=(XNEW*20)+2&
XP=X*10.
XPa=RH(XP) /10.

TFtXNFW-YP-7e) 8,99,
0 H=XP
GO TO 7

9 H=XNEW
7 IF(H-XPT)595921

21 Z=R*H/(GPHI*R/9.80665-H)
RHOH=PHA*(HPA/(HPA+,ETA*(H.-HA))**((I1.4RFTA)/BETA)

HH=(HPR+RFTA*(H-X))*q.8f665/GPHI*((R4Z)/R)**2
TM=34.163?*(HPR+9FTA*(H-X))
T=TM*(°.-?.375811F-03*(Z-90.))
HPH=HPR+BFTA*(H-X)
SM=28.9644-.06881'3*(Z-90)
FLM=1491632*BETA

C FLM IS THE GR,•,DIFNT
Tm=TM+. 005
T=T+.005

HH=HH+ 0005

17



HPH=HPH+.0"05
IF r?-1?0. )40,6,6

40t piNCH IO•,ZtH,TM,T,SMRHOHoHHHPH

6n TO 7

7n•QHf7)/2.

12 H•/flR+Z)*GPHT/9.8O665

RHOH=PHA*(HPA/(HPA+BETA*(H-HA)))**tfl.÷BETA)/BETA)

HH=(HPR+RFTA*fH-Xý *Q.R0665/GPHI*( (R+Z)/IR)**2
TM=•.163?*(HPR+BFTA*(H-X))

HPH=HPR+SFTA*(H-X)

TM=TM+.005
T=T+÷005
CS#Aa r+o 005
HH=HH+ 0005
HPH=HPH+. 005
0IINCH 10l;9,,H.TM9To;MRHOH9HH*HPH

TF(7-I70.#)ltll0,l

l7+ Z?÷2.
60O TO 17

I•H=HR
X=HR

AFTA=O0
I ?=P*Hff(GPHf*Rf9.8n665-Hl

HH=(HPAe~FTAe(H-X))#Q,80655/GPHI#( fR+Z)/R1#*?

T~vl4.I13?4(HPPR8FTA~*(H-X))
IF (7-90*1269769.77

?6 T=TM
S'=28.Q6

Cin TO 7P
77 T=TM*#(.-?.3758l1E-0!*(Z-90o)l

70 O~HPH*X( HH)/HPR)
4NH=HPR.AFTA*(H-X)

XvIM=nRHI(XPT)
TM=TM+.005

T=T+.005

HH=HH+,0005
HPH=HPH+e0005
TF(H-XP0ItI4,14I•,I,5

14 PlINCH 1l59ZtHTM*TSM,RHOHtHHHPH
lF(H-HP)I6,4Il6

41 TFfSFNSF SWITCH 7)16917
C SENSE SWITCH 2 ON. INCREASE THE HEIGHT BY 2.
C SENSE SWITCH 2 OFF, INCREASE THE HEIGHT BY 1.

17 H=H.I.
nM TO 18

!W=Hh?. i1

I I I I I I I I I I I I I I I I I I I I I I I II8
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Gn TO 18
11 Z=R*X/(GPHt*R/908066S-X)

Z=nRH(Z)/2.
Z=DRH(ZI2.+2.

71 H=PRZ/(R+Z)eGPHI/9.R0665
IF(H-HS) 7525922

7? QHnH=PHR*FXPf-(H-HR)/HPR)
HHu(HPR+RFTAwfH-X) )*9.R0h65/GPHI*( (R4Z)/R)**?

TM=14*I16?*(HP8+SETA*(H-X))
TFrZ-90.)?9.29930

2Q T=TM
Smz28.96
GO TO 31

10 T=TM*(I*-2.37S8IIF-03*fZ-90*))

SM=28.9644-*06fl8I13*(Z-90,)
11 HPH=HPP+SFTA.(H-X)

TM=TM+.005
T=T+.005
SM=SM+.005

HH=HH+.0005
HPH=HPH+*0005
IFtH-XPT119 20o20

19 PIUNCH 105,Z9HTM9T,;MqRHOH9HH*HPH
P Z-7+7.

GO TO 21
?7 PtPNCH I11,FLM*HA

11 FOPMAT(23HGRADIENT OF MOL* TEMP. F10.5o2X19HDEG/KM FOR H BTWN X.

GO TO 13
FND

19
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PROGRAM 2

The progran for defining a two-layer model by the evaluation of an
algebraic functinn, which replaces t'% succcssive approximation method.

20



PROGRAM 2

C SOURCF DECK FOR TWO-LAYER TRANSITION MODFL ATNOSPHERFC FTWFEN UPPER-LFVEL AND LOWER-LEVEL BOUNDARY CONDITIONSC WHFN THE FOLLOWING CONDITIONS REGARDING TEMPFRATURE-ALTITUDE
C GRADIFNT PREVAILS
C I. IT HAS A D|FFFRFNT CONSTANT VALUF FOR EACH LAYER*
C 2o IT HAS A POSITIVF VALUF FOR THE UPPERMOST LAYER,C I& IT HAS A ZERO VALUE FOR THE LOWER LAYER.

Ion FORMAT(FO.-1,2XEI?.6,1XFIo.1,2XF0ln.1
2 XE1 2 , 6 #lXF1031

51 READ IOO.HN9RHONTNHO.RHOOTO
REGIN TRACE
0-1.4163195E-02
HXnO(LOGF(RHONIRHOO)+HN*I/TN-..(l+HO*G/ TO-TNII LOGFfTO/TNI)
HXM-HXO/(Q/TN- I/(Tn-TN)*ILOGF(TO/TN))
GLxA=(T0-TN)/fHO-HXn)
RHOXO=RHON*EXPFf.-Q*(HXO-HN)/TN)

120 FORMAT(2IX33HDFFINITION OF THE TWO-LAYER MODELI
11 FORMAT(IH )
11? FORMAT(lOXSHLEVELSXIHH.11X3HRHO,1lX1HT,11XIHL)
III FORMAT(IRX43HMETERS KG/M3 DEG K DEG/M)114 FnRMAT(lOXT392XFIo.1o2XE12.6,lXFlO.

3 9,XE12 6 )
115 FV)QMATIlOYI3,2XFlO.1,?XF12.6,lXFlOo3,3XllHoOOOOOOE÷OO)

PtUNCH 111
PUNCH III
PUNCH 120
PUNCH 111
PUNCH 112
PtUNCH 11]
PIJNCH I1l
LFVFL=O

PUNCH 1149LEVEL*HO*RHO"OTO
LFVEL=LEVtL+1
PUNCH 114*LEVELtHXO*RHOXO*TN*GLXO
LEVELLEVEL+l
PUNCH 15*LEVELvHN9RHON9TN
FND TRACE
FND
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